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ELECTRONIC COMPONENT AND METHOD
OF MANUFACTURING ELECTRONIC
COMPONENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2011-

039561, filed on Feb. 25, 2011, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to an elec-
tronic component including a linear structure of carbon atoms
and a method of manufacturing the electronic component.

BACKGROUND

The electronic components used in the CPUs (Central Pro-
cessing Units), etc. of servers, personal computers, etc. are
needed to have high radiation efficiency of heat generated by
semiconductor elements. To this end, such electronic compo-
nents have the structure that a heat spreader of a material of
high thermal conductivity, such as copper, 1s provided above
the semiconductor element.

In this structure, because of fine concavities and convexi-
ties present 1n the surface of the heat source and heat spreader,
a sulficient contact area cannot be provided even with both
being in direct contact with each other. The contact interface
becomes a large thermal resistance, and the heat radiation
cannot be suiliciently made. For the purpose of decreasing the
thermal contact resistance, the heat source and the heat
spreader are connected with a thermal interface maternal
(TIM) provided therebetween.

To this end, the thermal interface material 1s required to be
a material of high thermal conductivity 1tself and furthermore
have the characteristics which allow 1tself to contact over a
large area with the fine concavities and convexities in the
surfaces of the heat source and the heat spreader.

As the thermal interface matenal, heat radiation grease,
phase change material (PCM), indium, etc. have been con-
ventionally used. One of major characteristics that makes
such materials usable as the heat radiation material 1s that they
have fluidity at temperatures lower than the heat resistance
temperatures of the electronic devices, which allows them to
have large contact areas with the fine concavities and con-
vexities.

However, the heatradiation grease and phase change mate-
rial have low thermal conductivities as low as 1 W/m-K-35
W/m-K. Indium, which 1s a rare metal and additionally whose
demand 1s much increased in the ITO related fields, has
become expensive, and more mexpensive substitute materials
are expected.

In such background, as the heat radiation material, the
linear structure of carbon atoms represented by the carbon
nanotube 1s noted. The carbon nanotube not only has very
high thermal conductivity (1500 W/m-K-3000 W/m-K) in the
longitudinal direction but also 1s good 1n flexibility and heat
resistance, and has high potential as a heat radiation material.

As the heat conductive sheet using the carbon nanotube, a
heat conductive sheet with carbon nanotubes dispersed 1n a
resin, and a heat conductive sheet having oriented carbon
nanotube bundles on a substrate buried with a resin or others
are proposed.
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The followings are examples of related: Japanese Laid-
open Patent Publication No. 2005-150362; Japanese Laid-
open Patent Publication No. 2006-100572; Japanese Laid-
open Patent Publication No. 2006-147801; and Japanese
Laid-open Patent Publication No. 2006-303240.

However, the conventional heat conductive sheet using

carbon nanotubes cannot suificiently utilize the high thermal
conductivity of the carbon nanotubes.

SUMMARY

According to one aspect of an embodiment, there 1s pro-
vided a method of manufacturing an electronic component
including disposing a heat radiation material including a plu-
rality of linear structures of carbon atoms and a filling layer of
a thermoplastic resin provided among the plurality of linear
structures above a first substrate, disposing a blotting paper
above the heat radiation material, making a heat treatment at
a temperature higher than a melting temperature of the ther-
moplastic resin and absorbing the thermoplastic resin above
the plurality of linear structures with the absorption paper,
removing the blotting paper, and adhering the heat radiation
material to the first substrate by cooling to solidify the ther-
moplastic resin.

According to another aspect of an embodiment, there 1s
provided an electronic component including a heat radiation
board, and a heat radiation material formed above the heat
radiation board, wherein the heat radiation material includes
a plurality of linear structures of carbon atoms having one
ends connected directly to the heat radiation board, a filling
layer of a thermoplastic resin formed 1n contact with the heat
radiation board and arranged among the plurality of linear
structures, and a coating film formed above the other ends of
the plurality of linear structures exposed from the filling layer
and having a higher thermal conductivity than the thermo-
plastic resin.

The object and advantages of the embodiment will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the embodi-
ments, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view 1llustrating a structure of an
clectronic component according to a first embodiment;

FIGS. 2-12 are perspective views 1llustrating a method of
manufacturing the electronic component according to the first
embodiment;

FIG. 13 1s a perspective view illustrating a structure of an
clectronic component according to a second embodiment;

FIG. 14 1s a perspective view 1illustrating a structure of an
clectronic device according to a third embodiment; and

FIGS. 15-17 are sectional views 1llustrating a method of
manufacturing the electronic device according to the third
embodiment.

DESCRIPTION OF EMBODIMENTS

| A First Embodiment]

An electronic component and a method of manufacturing
the same according to a first embodiment will be described
with reference to FIGS. 1 to 12.

FIG. 1 1s a perspective view 1llustrating a structure of the
clectronic component according to the present embodiment.
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FIGS. 2-12 are perspective views 1llustrating a method of
manufacturing the electronic component according to the
present embodiment.

First, the structure of the electronic component according,
to the present embodiment will be described with reference to

FIG. 1.

As 1llustrated 1n FIG. 1, the electronic component accord-
ing to the present embodiment includes a carbon nanotube
sheet 22 which 1s a sheet structure as a thermal interface
material formed above a heat radiation board 24 as a heat
spreader.

The carbon nanotube sheet 22 includes a plurality of car-
bon nanotubes 14 oriented in the direction of the thickness-
wise of the sheet, 1.e., 1 the direction crossing the surface of
the sheet, and arranged, spaced from each other. The plurality
ol carbon nanotubes 14 has one ends (the lower ends as
viewed 1n the drawing) in direct contact with the heat radia-
tion board 24. On the other ends of the plurality of carbon
nanotubes 14 (the upper ends as viewed 1n the drawing), a
coating f1lm 16 1s formed. A filling layer 20 of a thermoplastic
resin 1s formed 1n the mtervals among the carbon nanotubes
14, and the carbon nanotubes 14 are supported by the filling
layer 20. The ends of the carbon nanotubes 14 with the coat-
ing film 16 formed on are exposed from the filling layer 20.

The carbon nanotubes 14 can be either of single-walled
carbon nanotubes or multi-walled carbon nanotubes. The sur-
face density of the carbon nanotubes 14 1s not especially
limited but, for the heat radiation and the electric conduction,
is preferably 1x10'° tubes/cm? or more.

The length of the carbon nanotubes 14 1s not especially
limited but can be set preferably at a value of about 5 um-300
um. In the case that, as 1n the present embodiment, the carbon
nanotube sheet 22 1s used as the thermal interface material
formed between a heat source (e.g., an IC chip) and a heat
radiation component (e.g., a heat spreader), preferably the
length of the carbon nanotubes 14 is larger than at least a
length that 1s enough to fill the concavities and convexities on
the surfaces of the heat source and the heat radiation compo-
nent.

As described above, one ends of the plurality of carbon
nanotubes 14 are 1n contact with the heat radiation board 24
not interposing the thermoplastic resin of the filling layer 20,
whereby the thermal contact resistance between the carbon
nanotubes 14 and the head radiation board 24 can be drasti-
cally decreased, and the thermal conductivity between the
carbon nanotubes and the heat radiation board 24 can be
drastically increased.

The other ends of the plurality of carbon nanotubes 14 are
exposed from the surface of the filling layer 20, whereby
when the carbon nanotube sheet 22 contacts a heating body,
the ends of the carbon nanotubes covered by the coating film
16 can contact directly the heating body. Thus, the thermal
contact resistance between the carbon nanotubes 14 and the
heating body can be drastically decreased, and the thermal
conductivity between the carbon nanotubes 14 and the heat-
ing body can be drastically increased.

Thus, the heat emitted from the heating body can be effi-
ciently conducted to the heat radiation board 24 via the carbon
nanotube sheet 22 and radiated, whereby the temperature rise
of the heating body can be suppressed.

The coating film 16 1s for decreasing the thermal contact
resistance of the carbon nanotubes 14 to the heating body. The
presence ol the coating film 16 can increase the contact area
of the carbon nanotube sheet 22 to the heating body in com-
parison with the absence of the coating film 16, whereby the
thermal contact resistance between the carbon nanotube sheet
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22 and the heating body 1s decreased, and the thermal con-
ductivity of the carbon nanotube sheet 22 can be increased.

Even in the case that the length of the carbon nanotubes 14
fluctuates, and parts of the carbon nanotubes 14 cannot con-
tact directly the heating body, a substantial number of those of
the carbon nanotubes 14, which contribute to the heat radia-
tion can be made larger owing to the transverse heat conduc-
tion via the coating film 16. Thus, the thermal conductivity of
the carbon nanotube sheet 22 can be increased.

The material of the coating film 16 1s not especially limited
as long as the material has a high thermal conductivity, e.g.,
has a higher thermal conductivity than the thermoplastic resin
forming the filling layer 20.

The film thickness of the coating film 16 1s not especially
limited as long as the coating film 16 does not hinder the
permeation of the thermoplastic resin film 1n the manufactur-
ing process. Preferably, the film thickness of the coating film
16 1s set suitably corresponding to the permeability of the
thermoplastic resin film 18, characteristics required of the
carbon nanotube sheet 22, the constituent material of the
coating film 16, etc.

The thermal resistance of the coating film 16 1s preferably
not more than Yioo of the thermal resistance of the carbon
nanotubes 14. This 1s because when the thermal resistance of
the coating film 16 1s too large, the high thermal conductivity
of the carbon nanotubes 14 cannot be sufficiently utilized.
That 1s, preferably, the relationship:

icntx Tent>Acoatx Tcoatx 100

wherein the length of the carbon nanotubes 14 1s Tcnt, the
thermal resistivity of the carbon nanotubes 14 i1s Acnt, the
thickness of the coating film 16 1s Tcoat, and the thermal
resistivity of the coating film 16 1s Acoat.

The filling layer 20 1s formed of a thermoplastic resin. The
thermoplastic resin forming the filling layer 20 1s not espe-
cially limited as long as the thermoplastic resin reversibly
changes the state between liquid and solid, 1s solid at room
temperature, changes to liquid when heated, and returns to
solid when cooled, exhibiting adhesiveness.

The thermoplastic resin forming the filling layer 20 can be
selected based on the melting temperature of the thermoplas-
tic resin corresponding to a heating temperature of the heating
body for the electronic component according to the present
embodiment to be connected to. Preferably, the lower limait
value of the melting temperature of the thermoplastic resin 1s
higher than the upper limit value of the heating temperature in
operation. This 1s because when the thermoplastic resin melts
in operation, there 1s a risk, for example, that the carbon
nanotube sheet 22 will be deformed, damaging the orientation
of the carbon nanotubes 14, and resultantly the heat conduc-
tion will be lowered. Preferably, the upper limit value of the
melting temperature of the thermoplastic resin 1s lower than
the lower limit value of the heat resistance temperature of the
heating body and the heat radiation body. This 1s because that
the filling layer 20 for the carbon nanotube sheet 22 1s
reflowed preferably after contacted to the heating body, but
when the melting temperature of the thermoplastic resin 1s
higher than the heat resistance temperature, 1t 1s difficult to
make the reflow without damaging the heating body and/or
the heat radiation body.

For example, when the electronic component according to
the present embodiment 1s used in the heat radiation of elec-
tronic devices, such as CPU, etc., a thermoplastic resin whose
melting temperature 1s 125° C.-250° C. 1s suitable, consider-
ing that the heat resistance temperature of the CPU in opera-
tion 1s about 125° C. and the heat resistance temperature of

the CPU 1s about 250° C.
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In the filling layer 20, as required, an additive may be
mixed disperse. As the additive, for example, a substance of
high thermal conductivity i1s considered. An additive of high
thermal conductivity 1s mixed disperse 1n the filling layer 20,
whereby the thermal conductivity of the filling layer 20 can be
improved, and the thermal conductivity of the carbon nano-
tube sheet 22 as a whole can be improved. As the material of
high thermal conductivity, carbon nanotube, a metal material,
aluminum nitride, silica, alumina, graphite, fullerene or oth-
ers can be used.

The heat radiation board 24 1s formed of a material of high
thermal conductivity, such as copper, and 1s for radiating heat
generated from the heating body (e.g. IC chips) connected via
the carbon nanotube sheet 22.

Next, the method of manufacturing the electronic compo-
nent according to the present embodiment will be described
with reference to FIGS. 2 to 12.

First, a substrate 10 to be used as the base for growing the
carbon nanotubes 14 1s prepared. The substrate 10 1s not
especially limited and can be, e.g., a semiconductor substrate,
such as a silicon substrate or others, an insulating substrate,
such as an alumina (sapphire) substrate, an MgO substrate, a
glass substrate or others. A thin film may be formed on such
substrate. For example, a silicon substrate with an about 300
nm thickness silicon oxide film formed on may be used.

The substrate 10 1s to be removed after the carbon nano-
tubes 14 have been grown. To this end, preferably, the sub-
strate 10 1s not deformed at the growing temperature of the
carbon nanotubes 14. Preferably, at least the surface of the
substrate 10 to contact with the carbon nanotubes 14 1s
formed of a material which 1s easily removable from the
carbon nanotubes 14. Otherwise, the substrate 10 may have at
least the parts to contact the carbon nanotubes 14 formed of a
material which can be etched selectively to the carbon nano-
tubes 14.

Then, above the substrate 10, an Fe (iron) film of, e.g.,a 2.5
nm thickness 1s formed by, e.g., sputtering method to form a
catalytic metal film 12 of Fe. The catalytic metal film 12 may
not be formed essentially on the entire surface of the substrate
10 and may be formed selectively on a prescribed region of
the substrate 10 by, e.g., lift-oil method.

As the catalytic metal, other than Fe, Co (cobalt), N1
(mickel), Au (gold), Ag (silver), Pt (platinum) or an alloy
containing at least one of them may be used. As the catalyst,
other than a metal film, metal particles the size controlled 1n
advance by a DMA (Differential Mobility Analyzer) or others
may be used, and in this case, the metal species can be the
same as that of the thin film.

Asthe base film of the catalytic metal, a film of Mo (molyb-
denum), T1 (titanium), Hf (hatnium), Zr (zirconium), Nb (n1o0-
bium), V (vanadium), TaN (tantalum nitride), T1S1,_ (titanium
silicide), Al (aluminum), Al,O; (aluminum oxide), T10, (tita-
nium oxide), Ta (tantalum), W (tungsten), Cu (copper), Au
(gold), Pt (platinum), Pd (palladium), TiN (titanium nitride),
or an alloy containing at least one of these materials may be
formed. For example, the layer structure of Fe (2.5 nm)/Al (10
nm), the layer structure of Co (2.6 nm)/TiN (5 nm), etc. can be
used. When metal particles are used, the layer structure of,
¢.g., Co (the average diameter: 3.8 nm)/TiN (3 nm) or others
may be used.

Then, above the substrate 10, the carbon nanotubes 14 are
grown by, e.g., hot filament CVD method with the catalytic
metal {ilm 12 as the catalyst. The conditions for growing the
carbon nanotubes 14 are, ¢.g., the mix gas of acetylene and
argon (the partial pressure ratio: 1:9) as the raw material gas,
1 kPatotal gas pressure 1n the film forming chamber, 1000° C.
hot filament temperature, 20 minutes growth period of time.
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Thus, 3-6 walls (about 4 walls on average) of carbon nano-
tubes of a 4 nm-8 nm diameter (6 nm on average) and an 80
um length (the growth rate: 4 um/min) can be grown. The
carbon nanotubes 14 may be formed by another film forming
method, such as thermal CVD method, remote plasma CVD
method or others. The carbon nanotubes to be grown may be
single-walled carbon nanotubes. As the carbon raw material,
other than acetylene, hydrocarbons, such as methane, ethyl-
ene, etc., alcohols, such as ethanol methanol, etc., or others
may be used.

The length of the carbon nanotubes 14 1s not especially
defined but can be set preferably at about 5 um-500 um. In the
case that the carbon nanotubes 14 are used as a thermal
interface matenal, the length of the carbon nanotubes 14 is
preferably at least a length which allows the carbon nanotubes
14 to fill the concavities and convexities 1n the surfaces of the
heating source and the heat radiation component.

Thus, a plurality of the carbon nanotubes 14 oriented 1n the
normal direction of the substrate 10 (vertical orientation) are
formed above the substrate 10 (F1G. 2). The carbon nanotubes
14 formed under the above-described growth condition had a
surface density of about 1x10"" tubes/cm?. This corresponds
the carbon nanotubes 14 formed 1n a region which 1s about
10% of the area of the surface of the substrate 10.

Then, as required, Au (gold) of, e.g., an about hundreds nm
thickness 1s deposited above the carbon nanotubes 14 by, e.g.,
evaporation method to form the coating film 16 of Au. The
coating film 16 may be formed by another film forming pro-
cess (e.g., sputtering method or others) as long as the process
does not damage the carbon nanotubes 14.

The material forming the coating film 16 1s not essential,
but a material of high thermal conductivity 1s preferable.
When the carbon nanotubes 14 are used 1n an electric con-
duction application, the coating film 16 can be formed of a
conductive material, e.g., a metal, an alloy of the metal or
others. As a constituent material of the coating film 16, for
example, copper (Cu), nickel (N1), gold (Au), indium (In) or
others can be used. The coating film 16 1s not essentially a
single layer structure and can be a layer structure of, e.g.,
titanium (11) and gold (Au) or others, a layer structure of 2
layers, 3 layers or more layers.

The coating film 16 1s formed 1n the mitial growth stage,
covering the forward ends of the respective carbon nanotubes
as exemplified in FIG. 3. As the growing film thickness
increases, the coating film 16 formed on the forward ends of
the respective carbon nanotubes neighboring one another
joints. Thus, the coating film 16 1s formed, bundling the
forward ends of plural ones of the respective carbon nano-
tubes 14. As the growing film thickness of the coating film 16
turther increases, the coating film 16 completely joints 1n the
two-dimensional direction parallel to the surface of the sheet
and becomes a complete film without gaps.

Preferably, the film thickness of the coating film 16 1s
suitably set corresponding to a diameter and a surface density
ol the carbon nanotubes 14, considering the permeability, etc.
of the filling maternal (thermoplastic resin) for forming the
filling layer 20.

For example, when the diameter of the carbon nanotubes
14 is 10 nm, and the surface density thereofis 1x10'" cm™,
the gap between the neighboring carbon nanotubes 14 1s
about 50 nm. In this case, 1n order to connect the neighboring
carbon nanotubes 12 by the coating film 16, preferably the
coating film 16 1s formed 1n a film thickness of at least a half
or more of the gap, 1.e., a film thickness of about 25 nm or
more. When the coating film 16 i1s formed too thick, the
coating film 16 becomes a perfect film without any gap, which
lowers the permeability of the filling material, and accord-
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ingly, the upper film thickness limit of the coating film 16 1s
set preferably based on the permeability of the filling mate-
rial. In view of this, for the carbon nanotubes 14 of the
above-described conditions, the film thickness of the coating
film 16 1s set preferably at about 25 nm-1000 nm.

Forming the coating film 16 1n a {ilm thickness suificient to
joint the carbon nanotubes 14 neighboring one another 1s not
essential but has the effect of bundling plural ones of the
carbon nanotubes 14 by the coating film 16 (see FIG. 6). This
prevents the carbon nanotubes 14 from separating from one
another when the filling layer 20 1s permeated among the
carbon nanotubes 14. The transverse heat conduction through
the coating film 16 1s made possible.

Then, above the carbon nanotubes 14 with the coating film
16 formed on, a thermoplastic resin formed 1n film (the ther-
moplastic resin film 18) 1s mounted (FIG. 5).

As the thermoplastic resin of the thermoplastic resin film
18, for example, the hot melt resins to be described below. As
polyamide-based hot melt resin, “Micromelt 6239 from
Henkel Japan Ltd., for example, may be applied. As polyes-
ter-based hot melt resin, “DH398B” from Nogawa Chemical
Co., Ltd., for example, may be applied. As polyurethane-
based hot meltresin, “DH722B” from Nogawa Chemical Co.,
Ltd., for example, may be applied. As polyolefin-based hot
melt resin, “EP-90” from Matsumura Oi1l Co., Ltd., for
example, may be applied. As ethylene copolymer hot melt
resin, “DAS574B” from Nogawa Chemical Co., Ltd., for
example, may be applied. As SBR-based hot melt resin,
“M-6250” from Yokohama Rubber Co., Ltd., for example,
may be applied. As EVA-based hot melt resin, “3747” from
Sumitomo 3M Ltd., for example, may be applied. As butyl
rubber-based hot melt resin, “M-6158" from Yokohama Rub-
ber Co., Ltd., for example, may be applied.

As one example here, the case that the thermoplastic resin
film 18 1s formed of “Micromelt 6239” from Henkel Japan
Ltd. processed i a 100 um thickness film will be described.
“Micromelt 6239 1s a hot melt resin of a 135° C.-145° C.
melting point and a 5.5 Pa-s-8.5 Pa-s (225° C.) molten resin
V1sCOsity.

Then, the substrate 10 with the thermoplastic resin film 18
mounted on 1s heated at, e.g., 195° C. As required, the sub-
strate 10 may be pressed at the thermoplastic resin film 18.
Thus, the thermoplastic resin of the thermoplastic resin film
18 1s melted gradually into the gaps among the carbon nano-
tubes 14. Thus, the thermoplastic resin film 18 1s caused to
permeate down to a level where the thermoplastic resin does
not reach the surface of the substrate 10.

The thermoplastic resin 1s processed in a sheet 1n advance,
whereby the quantity of the filling material can be controlled
by the sheet film thickness. Thus, the heating temperature and
the heating period of time are controlled, whereby the filling
material can be controlled not to permeate down to the sub-
strate 10.

The permeation of the thermoplastic resin film 18 1s
stopped before the thermoplastic resin {ilm 18 does not reach
the substrate 10 so as to make 1t easy to peel the carbon
nanotubes 14 and the thermoplastic resin film from the sub-
strate 10. When the adhesiveness of the thermoplastic resin
f1lm 18 to the substrate 10 1s low, the thermoplastic resin film
18 may be caused to permeate down to the substrate 10.

The thickness of the thermoplastic resin film 18 permeat-
ing 1n the gaps among the carbon nanotubes 14 can be con-
trolled by the heat processing period of time. For example, for
the carbon nanotubes 12 of 80 um length grown under the
above-described conditions, the heat processing 1s made at
195° C. for 1 minute, whereby the thermoplastic resin film 18
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can be permeated down to the level where the thermoplastic
resin film 18 does not reach the substrate 10.

Preferably, the heating period of time for the thermoplastic
resin f1lm 18 1s suitably set corresponding to a length of the
carbon nanotubes 14, a viscosity of the molten thermoplastic
resin, a {ilm thickness of the thermoplastic resin film 18, etc.
so as to be permeate the thermoplastic resin film 18 down to
the level where the thermoplastic resin film 18 does not reach
the substrate 10.

The thermoplastic resin 1s processed in advance preferably
in film but may be formed 1n pellets or bars.

Then, after the thermoplastic resin film 18 1s permeated
down to a prescribed position, the thermoplastic resin film 18
1s cooled down to room temperature to be solidified. Thus, the
filling layer formed of the thermoplastic resin of the thermo-
plastic resin {ilm 18 and filled 1n the gaps among the carbon
nanotubes 14 1s formed (FIG. 6).

Next, the carbon nanotubes 14 and the filling layer 20 are
peeled from the substrate 10, and the carbon nanotube sheet
22 as the thermal interface matenal 1s formed (FIG. 7).

Then, as required, the same coating film as the coating {ilm
16 may be formed above the ends of the carbon nanotubes 14
from which the substrate 10 has been removed.

Then, above the heat radiation board 24, such as a heat
spreader or others, the carbon nanotube sheet 22 1s mounted
with the ends of the carbon nanotubes 14 on the side from
which the substrate has been removed positioned on the side
of the heat radiation board 24 (FIG. 8). The ends of the carbon
nanotubes 14 on the side from which the substrate 10 has been
removed are formed 1n flat surfaces reflecting the surface of
the substrate 10 and are not covered by the filling layer 20, and
are surely contacted to the surface of the heat radiation board
24.

Then, above the filling layer 20 of the carbon nanotube
sheet 22, a blotting paper 26 1s mounted. The blotting paper
26 1s a sheet of a material which can absorb the molten
thermoplastic resin material. The general blotting paper 1s a
fibrous material having a suitable large number of gaps
formed by surface treatment and 1s formed, e.g., of a surface
paper composed of a used pulp by 100% and a main body
composed of a used pulp by 70%. Such blotting paper 26 is
exemplified by “SHIMU-1N” from Kokuyo Co., Ltd. or oth-
ers.

Next, in the state heated at the melting temperature of the
thermoplastic resin of the filling layer 20, e.g., 195° C., the
filling layer 20 1s pressed at the blotting paper 26 (FIG 9).
Thus, the filling layer 20 1s permeated among the carbon
nanotubes 14 down to the heat radiation board 24. The pres-
sure to be applied onto the blotting paper 26 1s not especially
limited as long as the pressure causes no configurational
change to the carbon nanotubes 14, and, for example, a
weilght of about hundreds grams can be mounted.

The blotting paper 26 1s used so as to absorb excessive one
of the thermoplastic resin of the filling layer 20 and prevent
the scatter of the carbon nanotubes 14. For example, when the
f1lm thickness of the thermoplastic resin film 18 15 extremely
thick 1n comparison with the length of the carbon nanotubes
14, the pressure applied in permeating the thermoplastic resin
film 18 spreads the thermoplastic region also transversely,
often scattering the carbon nanotubes 14. When the carbon
nanotubes 14 scatter, the carbon nanotubes 14 lose the orien-
tation, which causes the thermal contact resistance increase
and the heat conductivity reduction. Excessive one of the
thermoplastic resin 1s absorbed by the blotting paper 26,
whereby the filling layer 20 can be easily permeated down to
the heat radiation board 24 without scatting the carbon nano-

tubes 14.
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The use of the blotting paper 26 also has the merit that the
allowable range of the thickness of the thermoplastic resin
film 18 to be used can be large. This increases the freedom
degree of using the thermoplastic resin films on the market,
and the productivity can be increased. Thermoplastic resin
films are available on the market, and of them, thin thermo-
plastic films generally have an about 100 um film thickness.
For the carbon nanotubes 14 of a tens um length, the use of the
thermoplastic film 18 available on the market 1s especially
ellective.

Next, in the heated state, the blotting paper 26 1s removed,
and the filling layer 20 1s cooled to room temperature to
solidify the thermoplastic resin of the filling layer 20. At this
time, the thermoplastic resin exhibits the adhesiveness, and
the heat radiation board 24 and the carbon nanotube sheet 22

are adhered (FIG. 10).

The processing of permeating the filling layer down to the
heat radiation board 24, and the processing of absorbing
excessive one of the thermoplastic resin by the blotting paper
26 can be separately made.

For example, first, above the filling layer 20 of the carbon
nanotube sheet 22, a board (heremnafter called “a press
board”) of material which 1s not adhesive to the thermoplastic
resin 1s mounted. As the press board, for example, a Tetlon
(registered trademark) board or a release paper adhered to the
commercially available thermoplastic resin film can be used.

Next, 1n the state heated at the melting temperature of the
thermoplastic resin of the filling layer 20, e.g., 195° C., the
filling layer 20 1s pressed at the press board and permeates
down to the heat radiation board 24.

Next, the filling layer 20 1s cooled to room temperature, and
the press board 1s removed.

Next, above the filling layer 20 of the carbon nanotube
sheet 22, the blotting paper 26 1s mounted.

Next, in the stated heated at the melting temperature of the
thermoplastic resin of the filling layer 20, e.g., 195° C., the
filling layer 20 1s pressed at the blotting paper 26, and exces-
stve one of the thermoplastic resin of the filling layer 20 1s
absorbed by the blotting paper 26.

Then, 1n the heated state, the blotting paper 26 1s removed,
and the filling layer 20 1s cooled to room temperature to
solidify the thermoplastic resin of the filling layer 20.

Thus, the filling layer 20 1s permeated down to the heat
radiation board 24 while excessive one of the thermoplastic
resin 1s absorbed by the blotting paper 26.

The thermoplastic resin of the filling layer 20 goes on
permeating with the ends of the carbon nanotubes 14 and the
heat radiation board 24 1n contact with each other, and the
thermoplastic resin never imtrudes 1nto the interfaces between
the carbon nanotubes 14 and the heat radiation board 24.
Thus, the increase of the thermal contact resistance between
the carbon nanotubes 14 and the heat radiation board 24 can
be prevented.

Then, as required, the processing of removing the surface
of the filling layer 20 1s made (FIG. 11). This processing 1s
made in consideration of the case that the thermoplastic resin
on the coating film 16 cannot be sutificiently removed by the
blotting paper 26 alone.

In the processing of removing the surface of the filling
layer 20, for example, dry etching or wipe-oif with an organic
solvent, such as ethanol or others, can be used. In the dry
ctching, for example, the processing of tens watts and several
minutes can be made with a parallel plate dry etching system
using oxygen as the etching gas. The coating film 16 also has
the role of protectmg the carbon nanotubes 14 1n etching the
thermoplastic resin of the filling layer 20.
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It 1s an 1dea to remove excessive one of the thermoplastic
resin by dry etching alone without absorbing the excess of the
thermoplastic resin by the blotting paper 26, but unpretferably,
the processing period of time of the dry etching increases.
When the processing period of time of the dry etching
increases, the thermoplastic resin 1s melted by temperature
increases, and the orientation of the carbon nanotubes 14 1s
often atfected. In view of this, the removal of the thermoplas-
tic resin by the dry etching 1s made preferably after excessive
one of the thermoplastic resin has been removed by the blot-
ting paper 26.

Thus, the ends of the carbon nanotubes 14, which are

covered by the coating film 16 can be exposed from the
surface of the filling layer 20 (FIG. 12).

Thus, the electronic component according to the present
embodiment having the carbon nanotube sheet 22 as the
thermal interface material formed integral on the heat radia-
tion board 24 1s completed.

As described above, according to the present embodiment,
in the thermo compression bonding of the carbon nanotube
sheet to the heat radiation board, excessive one of the ther-
moplastic resin 1s absorbed by pressing the carbon nanotube
sheet via the blotting paper, whereby the scatter of the carbon
nanotubes by the spreading of the thermoplastic resin can be
prevented. Thus, the thermal resistance increase of the carbon
nanotube sheet 1tself and the increase of the thermal contact
resistance thereof to the heat radiation board can be pre-
vented.

According to the present embodiment, one ends of the
carbon nanotubes can be contact directly the heat radiation
body. Thus, the thermal contact resistance between the carbon
nanotube sheet and the heat radiation body can be drastically
decreased. The other ends of the carbon nanotubes are
exposed from the filling layer, whereby when the carbon
nanotube sheet 1s brought into contact with the heating body,
the other ends of the carbon nanotubes can be contacted
directly to the heating body. Thus, the thermal contact resis-
tance between the carbon nanotube sheet and the heating
body can be drastically deceased. Accordingly, the heat gen-
erated from the heating body can be highly efficiently radi-
ated from the heat radiation body. The reliability of electronic
devices can be increased.

|A Second Embodiment]

An electronic component and a method of manufacturing
the same according to a second embodiment will be described
with reference to FIG. 13.

FIG. 13 15 a perspective view illustrating a structure of the
clectronic component according to the present embodiment.

As 1llustrated 1n F1G. 13, the electronic component accord-
ing to the present embodiment 1s the same as the electronic
component according to the first embodiment 1llustrated 1n
FIG. 1 except that 1n the former a recess 28 1s formed 1n the
heat radiation board 24.

The recess 28 1s formed 1n the part of the heat radiation
board 24, where the carbon nanotube sheet 22 1s connected.
The recess 24 1n the heat radiation board 24 can block the
transverse spread of the molten thermoplastic resin on the
heat radiation board 24 in adhering the carbon nanotube sheet
22 onto the heat radiation board 24. Thus, the scatter of the
carbon nanotubes 14 can be eflectively prevented, and the
increase of the thermal contact resistance and the decrease of
the heat conductivity can be suppressed.

As described above, according to the present embodiment,
the scatter of the carbon nanotubes 1s effectively prevented,
and the increase of the thermal contact resistance and the
decrease of the heat conductivity can be suppressed.
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| A Third Embodiment]

An electronic device and a method of manufacturing the
same according to a third embodiment will be described with
reference to FIGS. 14 to 17.

FIG. 14 1s a diagrammatic sectional view illustrating a
structure of the electronic device according to the present
embodiment. FIGS. 15 to 17 are sectional views 1llustrating
the method of manufacturing the electronic device according,
to the present embodiment.

First, the structure of the electronic device according to the
present embodiment will be described with reference to FIG.
14.

Above a substrate 30, such as a circuit board, a built-up
substrate or others, a semiconductor element 34, ¢.g., a CPU
or others 1s mounted. The semiconductor element 34 1s elec-
trically connected to the substrate 30 via bump electrodes 32,
such as solder bumps or others.

Above the semiconductor element 34, a heat spreader 38
for diffusing the heat from the semiconductor element 34 1s
formed, covering the semiconductor element 34. Between the
semiconductor element 34 and the heat spreader 38, a carbon
nanotube sheet 36 as a thermal interface material 1s formed.
The heat spreader 38 1s adhered to the substrate 30 with, e.g.,
an organic sealant 40. The carbon nanotube sheet 36 and the
heat spreader 38 are formed of the electronic component
according to the first or the second embodiment.

Next, the method of manufacturing the electronic device
according to the present embodiment will be described with
reference to FIGS. 15 to 17.

First, above the substrate 30, the semiconductor element 34
1s mounted via the bump electrodes 32 (FI1G. 15).

Next, above the substrate 30, the organic sealant 40 for
securing the heat spreader 38 1s applied.

Then, above the semiconductor element 34 mounted on the
substrate 30, the electronic component 42 according to the
first or the second embodiment 1s mounted (FIG. 16). The
clectronic component 42 includes the heat spreader 38 and
the carbon nanotube sheet 36 connected to the heat spreader
38. The heat spreader 38 corresponds to the heat radiation
board 24 of the electronic component according to the first or
the second embodiment, and the carbon nanotube sheet 36
corresponds to the carbon nanotube sheet 22 of the electronic
component according to the first or the second embodiment.

At this time, the ends of the carbon nanotubes 14 covered
by the coating film 16, which are exposed on the surface of the
carbon nanotube sheet 36 directly contact the semiconductor
clement 34.

Then, heat processing 1s made with a load being applied to
the heat spreader 38. For the carbon nanotube sheet 36 using,
e.g., “Micromelt 6239 from Henkel Japan Ltd. as the filling
layer 20, the heat processing, e.g., 01 195° C. and 10 minutes
1s made with, e.g., a 0.25 MPa load being applied to.

By this heat processing, the thermoplastic resin forming
the filling layer 20 of the carbon nanotube sheet 1s melted and
liquetied, and 1s deformed along the concavities and convexi-
ties on the surfaces of the semiconductor element 34 and the
heat spreader 38. The carbon nanotubes 14 in the carbon
nanotube sheet 36 are less restricted by the filling layer 20 and
can flex corresponding to the concavities and convexities of
the semiconductor element 34 and the heat spreader 38. Thus,
a larger number of the carbon nanotubes 14 directly contacts
the semiconductor element 34 and the heat spreader 38, and
the thermal contact resistance between the carbon nanotube
sheet 36, and the semiconductor element 34 and the heat
spreader 38 can be drastically decreased.

Then, the device 1s cooled to room temperature to solidify
the thermoplastic resin of the filling layer while the heat
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spreader 38 1s secured onto the substrate 30 with the organic
sealant 40 (FI1G. 17). At this time, the thermoplastic resin of
the filling layer exhibits the adhesiveness, and the semicon-
ductor element 34 and the heat spreader 38 can be bonded
securely by the carbon nanotube sheet 36. Thus, even after the
device 1s cooled to room temperature, the thermal contact
resistance between the carbon nanotube sheet 36, and the
semiconductor element 34 and the heat spreader 38 can be
retained low.

As described above, according to the present embodiment,
the electronic device 1s fabricated by using the electronic
component according to the first or the second embodiment,
whereby both ends of the carbon nanotubes of the carbon
nanotube sheet can be directly contacted to the heat radiation
body and the heating body. Thus, the thermal contact resis-
tance between the carbon nanotube sheet, and the heat radia-
tion body and the heating body can be drastically decreased.
Thus, the heat radiation efficiency of radiating the heat gen-
erated from the semiconductor element can be raised, and the
reliability of the electronic device can be increased.

[Modified Embodiments]

The above-described embodiment can cover other various
modifications.

For example, in the above-described embodiments, as one
example of the heat radiation materials using the linear struc-
ture of carbon atoms, the carbon nanotube sheet 1s described,
but the heat radiation material using the linear structure of
carbon atoms 1s not limited to this. The linear structure of
carbon atoms 1s a cylinder of the graphene sheet of the
6-membered ring structure of carbons and includes, other
than carbon nanotubes, carbon nanowires, carbon rods, and
carbon fibers. These linear structures are the same as carbon
nanotubes except that they are different 1n size. The embodi-
ments are applicable to the heat radiation materials using
these linear structures.

In the first embodiment, the carbon nanotube sheet 22 1s
formed above the substrate 10 different from the heat radia-
tion board 24, and the sheet 1s adhered to the heat radiation
board 24. However, 1t 1s possible that the heat radiation board
24 1s used 1n place of the substrate 10, and the carbon nano-
tube sheet 22 1s formed directly on the heat radiation board 24.

The constituent materials and the manufacturing condi-
tions described in the above-described embodiments are not
essential and can be changed suitably corresponding to pur-
poses, €lc.

The application of the carbon nanotube sheet 1s not limited
to the application described in the above-described embodi-
ments. The described carbon nanotube sheet 1s applicable as
a heat conductive sheet to the heat radiation sheet of the
CPUs, high output amplifiers for radio communication sta-
tions, high output amplifiers for radio communication termi-
nals, high output switches for electric cars, servers, personal
computers, €tc.

By using the high allowable current density of carbon
nanotubes, the carbon nanotube sheet 1s applicable to vertical
interconnection sheets and various applications using the ver-
tical interconnection sheets.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present inventions have been described in detail, 1t should be
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understood that the various changes, substitutions, and alter- 6. The method of manufacturing an electronic component
ations could be made hereto without departing from the spirit according to claim 1, wherein
and scope ot the mvention. the heat treatment 1s made while a pressure 1s being applied
What 1s claimed 1s: on the blotting paper.

1. A method of manufacturing an electronic component s
comprising:
disposing a heat radiation material including a plurality of
linear structures of carbon atoms and a filling layer of a

7. The method of manufacturing an electronic component
according claim 1, further comprising before disposing the
heat radiation material above the first substrate:

thermoplastic resin provided among the plurality of lin- growing the plurality of linear structures above a second
ear structures above a first substrate; . substrate;

disposing a blotting paper above the heat radiation mate- disposing a sheet of the thermoplastic resin above the plu-
rial; rality of linear structures;

making a heat treatment at a temperature higher than a making a heat treatment at a temperature higher than the
melting temperature of the thermoplastic resin and melting temperature of the thermoplastic resin to per-
absorbing the thermoplastic resin above the plurality of

meate the sheet among the plurality of linear structures
to form the filling layer; and

peeling the plurality of linear structures and the filling layer
from the second substrate to obtain the heat radiation
material.

linear structures with the absorption paper; 15

removing the blotting paper; and
adhering the heat radiation material to the first substrate by

cooling to solidity the thermoplastic resin.
2. The method of manufacturing an electronic component

according to claim 1, wherein 0 8. Tl}e methogl of manufac;tuﬂng an electronic component
in disposing the heat radiation material, the heat radiation deeor ding to claim 7, Wherem |
material 1s arranged above the first substrate so that one in forming the filling layer, the sheet 1s so permeated
ends of the plurality of linear structures exposed from among the plurality of linear structures that the sheet
the filling layer are in direct contact with the first sub- does not reach the second substrate.
strate. 25> 9. The method of manutfacturing an electronic component
3. The method of manutfacturing an electronic component according to claim 1, wherein
according to claim 1, further comprising after adhering the a coating {ilm of a higher heat conductivity than the ther-
heat radiation material to the first substrate; moplastic resin 1s formed above the other ends of the
exposing other ends of the plurality of linear structures plurality of linear structures.
from the filling layer. Y 10. The method of manufacturing an electronic component
4. The method of manufacturing an electronic component according to claim 1, wherein
according to claim 1, wherein the first substrate is a heat radiation component.

the thermoplastic resin 1s permeated down to a surface of

the first substrate by the heat treatment.

5. The method of manufacturing an electronic component -°
according to claim 1, further comprising after disposing a
heat radiation material and before disposing the blotting
paper:

making a heat treatment at a temperature higher than the

melting temperature of the thermoplastic resin to per- ¢
meate the thermoplastic resin down to the surface of the
first substrate. ok ok &k

11. The method of manufacturing an electronic component
according to claim 1, further comprising:
forming a recess 1n a region of the first substrate where the
heat radiation material 1s to be disposed.
12. The method of manufacturing an electronic component
according to claim 7, wherein

the first substrate and the second substrate are the same
substrate.
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